Lexical stress is an important contributor to foreign accent as well as intelligibility of second language (L2) speech. The present study intends to find out to what extent Chinese-speaking learners whose native language has less evident stress can acquire English lexical stress. A production test was administered to nine advanced Chinese learners of English and nine native English controls, who read aloud 12 types of nonce English nouns. The results showed that the Chinese participants were able to place stress correctly in two-syllable words and three-syllable words with a heavy penultimate syllable. However, irregularity was observed in three-syllable words with a light penultimate syllable, particularly H(eavy)L(ow)L(ow). The results are further interpreted in Optimality Theory. It is argued that the learners' interlanguage grammar is both negatively and positively influenced by their native language. The constraint only active in Chinese causes the interlanguage to be non-nativelike. By contrast, the shared active constraints facilitate learning. Moreover, the emergence of the constraints in the interlanguage grammar which are inactive in Chinese but active in English provides evidence for the learners' ability to restructure their interlanguage phonology.
similar words were observed to influence learners' placement of stress. They argued that the late bilinguals may rely more on memorization or analogy to learn English stress than on generalized English metrical patterns.
L2 learners with a regular-stress native language also exhibit difficulty with English stress. Working within the theory of Principles and Parameters, Archibald (1998) found that Polish and Hungarian-speaking learners of English showed transfer from their L1-specific parameter values in their production of real English words. Pater (1997) investigated the acquisition of English lexical stress by speakers of French, another language with regular stress. He examined the subjects' production of nonce three-and four-syllable words and found that French-speaking learners could reset the parameters. However, although some parameter values in learners' interlanguage were like English, some were not like either English or French, such as word headedness and directionality.
The last kind of studies focuses on speakers of no-stress languages such as Chinese, Japanese, Korean, Thai, etc. Wong (1991) examined Cantonese speakers' stress placement in nonce English words and found that the subjects were able to acquire certain aspects of English stress. She concluded that a lack of stress in Cantonese does not create difficulty for English L2 learners. Archibald (1997) conducted a longitudinal study on Chinese and Japanese speakers' production of real English words. He did not find an effect of syllable type and lexical category and argued that the Chinese and Japanese subjects did not compute English lexical rules but rather stored English stress lexically. Guion (2005) investigated Korean learners' knowledge of English stress and observed native language influence. She found that late Korean bilinguals were not sensitive to both syllabic type and lexical category and attributed this to transfer in that Korean has phrase-level pitch rather than lexical stress. Wayland, Guion, Landfair, and Li's (2006) study of Thai-speaking learners showed that the subjects were sensitive to English syllabic type in stress placement, but they could not determine whether this is due to acquisition or transfer, given that Thai tonal placement is also related with syllable type. In a large cross-linguistic study, Altmann (2006) investigated Chinese, Japanese and Korean learners' placement of stress in nonce English words and found them to be non-nativelike. Particularly, the Chinese subjects performed the worst and tended to place stress on the last stressable syllable. She argued that since Chinese is a no-stress language with no parameter preset for stress, it is not clear which parameter is misset by the subjects.
From previous studies, it can be seen that native language plays an important role in the acquisition of L2 English lexical stress. Learners from a no-stress native language appear to experience more difficulty than learners from a stress language. However, conflicting results were also observed, as in the results of Wong (1991) and Archibald (1997) . One of the reasons for this, also a limitation of most previous studies, is that learner proficiency is not taken into consideration. For example, in Archibald's (1997) study, the two Mandarin speakers were not at the same proficiency level, and he didn't consider such difference. Another gap in previous studies is that few studies on L2 lexical stress acquisition have worked in the framework of Optimality Theory, the current mainstream model in phonology. One exception is Lee and Cho (2011) . However, their study focused on derived words and the relationship between perception and production. In view of such gaps in L2 stress research, this paper examines advanced Chinese speakers' interlanguage knowledge of English lexical stress from an OT perspective.
English and Chinese Metrical Phonology
English is a stress language. In multiple-syllable words, a certain syllable is produced more prominently than others. However, English stress patterns are not as predictable as fixed-stress languages such as French. Yet, certain patterns can also be observed. Generally, there is a difference between nouns and verbs in terms of lexical stress. For nouns, if the penultimate syllable is heavy, it is stressed; otherwise the antepenultimate syllable is stressed (McMahon, 2002) . A heavy syllable is defined as one with a branching rhyme, that is, with a tense vowel (long or diphthong) or a vowel plus coda.
From the perspective of metrical phonology (Hayes, 1995) , syllables form feet, which in turn group into a prosodic word. A foot can be binary or unbounded and is headed by a strong element. If a language is quantity-sensitive, a heavy syllable will form an individual foot. The foot that becomes dominant in the prosodic word is the unit that bears stress. English shows a left-dominant binary foot constructed from the right-edge. In nouns, the last syllable is extrametrical, that is, not subject to metrical rules. The main stress falls on the right edge of the prosodic word. Since English is a quantity-sensitive language, syllable weight plays a crucial role in English stress placement.
Chinese, on the other hand, is known to be a no-stress language, the assumption commonly held by previous studies on Chinese learners' acquisition of English stress. It is argued that without stress in their native language Chinese learners cannot reset the parameters (Altmann, 2006; Archibald, 1997) . However, as pointed out by Duanmu (2007) , Chinese also has stress. The reason why stress in Chinese is not as easy to perceive as in English is that Chinese has lexical tones and that most Chinese words are monosyllabic. He argued that in dissyllabic words or compounds, the most common syllable pattern (70% of Chinese disyllabic words) is heavy-heavy, i.e., H(HØ), with the second syllable louder in intensity and longer in duration. For these words, the final syllable forms a separate syllabic foot (left-headed) with an empty beat, and binary feet are formed for other syllables from the left. If this is the case, then Chinese speakers also have the knowledge of stress in their native grammar. It is just that they don't "use" such knowledge as often as English speakers because Chinese does not have many poly-syllabic words. This paper adopts this view of Chinese stress.
Optimality Theory
OT, advocated by Alan Prince and Paul Smolensky in 1993 , is a development of Generative Grammar. OT holds that there is a set of possible pronunciations produced by GEN (generator) for any particular form which is called the 'input'. The possible pronunciations are known as 'candidates'. These candidates are evaluated by a set of ranked constraints, and the candidate that best satisfies the ranking is the optimal output. There are two main categories of constraint. One is defined as Faithfulness Constraint which aims to keep identity between input and output, and the other is Markedness Constraint whose function is to make the output well-formed. In a word, in the framework of OT, the output is a legal candidate winning out of a set of possible candidates produced by Generator after the working of Evaluator, which is in effect a set of hierarchical constraints ranked according to their priority in a language.
Different from the traditional generative grammar in which UG is defined as a set of rules which cannot be violated, OT regards UG as a set of universal constraints which are however violable. The asymmetry between languages is due to the different ranking of these universal constraints. The following metrical constraints are at crucial play in English and Chinese metrical phonology. All of the constraints in (1) are markedness constraints taken from Kager (1999) . The first five constraints (a-e) are crucial in English stress system. FT-BIN and RHTYPE=T determine that English has left-headed binary foot, i.e. trochee. ALL-FT-RIGHT regulates that foot is constructed from right. NON-FINALITY recognizes extrametricality at the right edge in English. RIGHTMOST places primary stress on the rightmost foot.
As for Chinese metrical phonology, four of the constrains in (1) are crucial. Since Chinese has a trochee, constraints FT-BIN and RHTYPE=T are active in Chinese. As introduced above, most Chinese di-and poly-syllabic words have final stress. Thus, RIGHTMOST is also at play. The last one is exclusively important in Chinese metrical phonology, as Chinese metrical foot is constructed from the left (Duanmu, 2007; Ma, 2008) .
To sum up, as far as the five constraints are concerned, the difference between English and Chinese is that ALL-FT-RIGHT and NON-FINALITY are ranked lower in Chinese, and that ALL-FT-LEFT is not active in English. Therefore, to acquire English lexical stress, Chinese-speaking learners need to re-rank these constraints, specially, promote FT-RIGHT and NON-FINALITY and demote ALL-FT-LEFT. In this paper, we investigated advanced Chinese learners' acquisition of English lexical stress by looking at their placement of stress on twoand three-syllable nonce nouns in a production experiment, which enabled us to find out to what extent their interlanguage has these constraints reranked. Below, we report the experiment.
Method

Participants
Nine native Chinese speakers (one male and eight females) volunteered to take part in the study. All were graduate students at a research University in the U.S. and received a BA in English in China. They had learned English for an average of 12.5 years (Range: 10-17) and had lived in the U.S. for an average of 28 months . No proficiency test was conducted, but all of them rated themselves as advanced (N=8) or near-native (N=1) speakers of English. Six of them had taken the Internet-based TOEFL, and the average score for Speaking was 25/30 (Range: 23-26). One took IELTS and got 6/9 on the speaking part. The other two participants had not taken any speaking test at the time of the experiment, but both of them had been in the U.S. for more than four years. Following Guion et al. (2004) and Wayland et al. (2006) , a test was conducted to probe their ability to produce stress in real English words. The test items were taken from Guion et al., among which 18 words had regular stress patterns and 18 words irregular patterns (see Appendix A for stimuli). The participants were asked to read aloud the words printed on a word list. The results of the test are presented in Table 1 . It can be seen that they received a high score in the task, indicating their successful mastery of stress in known English words. Given the results of their TOEFL/IELTS scores and performance in the real-English-word-stress measurement, as well as the fact that they majored in English in their undergraduate studies, they could be roughly considered to have high proficiency of English in terms of speaking, particularly concerning lexical stress. In addition, nine native English speakers were recruited as controls. All were undergraduate students at the same university and received course credit for participation. 
Materials
A production test was administered to both native and nonnative English participants. The test material was a list of nonce words mainly basely on Altmann (2006) . The reason why real words were not used is that it is possible that learners actually memorize the stress of the words rather than apply the phonological rules. Two-and three-syllable words were tested. The words were created on the basis of the combination of different syllable weight (heavy and light). Therefore, a total of 12 syllable types (4 two-syllable and 8 three-syllable) were formed. Each syllable type had 10 items, making a total of 120 stimuli. All the nonce words were designed in accordance with English phonological rules. Guion et al. (2004) found that stress placement on nonce words may be influenced by phonologically similar words. Thus, the nonce words in the present study were created to be as dissimilar from real English words as possible. Before the experiment, a native English speaker with expertise in phonetics reviewed the material to make sure that the stimuli comply with the English phonological system. After that, a pilot study was conducted on seven native English speakers. The words that were frequently not pronounced in the intended way were modified. The final words were randomly printed on four pieces of paper, 30 on each sheet. (See Appendix B for a full list of stimuli.)
Difference lexical categories have different stress patterns. Therefore, the nonce words were all intended as nouns. To make sure that they pronounced the words as nouns, the participants were told that all the words were the names of the latest American products produced in the US.
Procedure and Coding
The experiment was conducted in a quiet room on an individual basis. The participants were asked to read aloud the nonce words at a normal speed. They were allowed to correct their pronunciation if they were not satisfied with their initial try. If this was the case, only the corrected one was coded. If there was a pause in their pronunciation of a single word, they were asked to pronounce the word again. Their pronunciation was recorded by a digital recorder (Sony PCM-M10/R). Before the experiment, the participants filled in a language background questionnaire and performed ten practice trials which were not included in the test.
Afterwards, one of the authors listened to the recordings and coded the tokens. Since English spelling is not always consistent with the pronunciation, some words were not pronounced in the intended way. These trials were classified into the syllable type that they were realized as. In addition, some words were not pronounced clearly, making it difficult to determine their stress. Such words were not coded.
Results
The percentage of correct stress placement in each syllable type as expected by the metrical rules was calculated for each participant. An independent t-test was conducted to compare the means between the Chinese and the American groups. Figure 1 shows the comparison for two-syllable words. As the figure displays, the Chinese participants performed almost the same as the native speakers. Independent t-tests demonstrated that there was no significant elt.ccsenet.org English Language Teaching Vol. 10, No. 7; 2017 difference between the two groups in each syllable type (all p's> .05). Thus, the results indicate that the Chinese participants mastered the stress patterns of two-syllable words. They correctly placed stress on the first syllable, even though the second one is heavy as in HH and LH. The finding is different from Altmann's (2006) study. She only looked at HH and the Chinese subjects tended to place stress on the last heavy syllable (71.1%). However, it should be noted that the last heavy syllable was represented as a long vowel in her study, but as a vowel plus coda in the present study. This may be one of the reasons for the difference. Figure 1 . Mean percentages of production with expected stress in two-syllable words
As introduced in the introduction, primary stress placement in three-syllable words hinges on the weight of the second syllable. If it is heavy, then it receives stress; if it is light, then the antepenultimate syllable is stressed.
The results for three-syllable words are presented according to the syllable weight of the penultimate syllable in Figure 2 and 3, respectively.
Figure 2. Mean percentages of production with expected stress in three-syllable words with a heavy penultimate syllable
As can be seen in Figure 2 , when the penultimate syllable was heavy, the Chinese participants stressed the word penultimately in most cases as expected by the rule. Their performance was also very similar to the native speakers except for the type of HHH, where there was an 11% difference. However, independent t-tests show that there was no significant difference between the two groups in each of the four syllable types with heavy penultimate syllable (all p's> .05). Therefore, the Chinese subjects appeared to have mastered stress assignment in these types of nouns. Figure 3 exhibits Although the native subjects scored less than the Chinese subjects in the syllable type of LLL (39.2% vs. 59.1%), no significant difference between the two groups in this syllable type (p> .05). Besides, no significant difference was observed in HLH (p> .05). Significant difference was found between the two groups in the other two types, namely, LLH and HLL (both p< .05). Particularly, in HLL, the difference was nearly 40%.
Figure 3. Mean percentages of production with expected stress in three-syllable words with a light penultimate syllable
Discussion
As mentioned in the previous section, the results contradict Altmann (2006)'s finding that Chinese learners tend to stress the last heavy syllable. This is partly because of the design of nonce words. In her study, all heavy syllables ended with a long vowel. In the present study, the final heavy syllable contained vowel plus coda. Therefore, it is possible that long vowels are more likely to attract stress for Chinese learners. This can be investigated in future study.
In addition, the study also yields different findings from Archibald (1997) . The Chinese subjects in his study were claimed to exhibit no clear patterns of acquisition. However, the current study shows that the Chinese participants were quite consistent and native-like in most syllable types. Therefore, Chinese learners do not simply memorize lexical stress on a word-by-word basis as claimed by Archibald, but rather generalize abstract stress patterns.
The study largely echoes Wong's (1991) findings on Cantonese speakers. In her study, the Cantonese participants performed regularly in both two-and three-syllable nouns. In the present study, it is also found that two-syllable nouns and most three-syllable nouns generally do not pose difficulty for the Chinese subjects. However, different from Wong, variance was observed in three-syllable words with light penultimate syllable. Such variation may be due to the difference in research design. For example, in her study, each type of word only had four items. If more items were used, the results might be different.
Moreover, consistent with previous findings, no apparent effect of native-language transfer was observed. Previous studies attribute this to the no-stress property of Chinese. That is, there is nothing to be transferred from a language which lacks stress. However, as introduced at the beginning, Chinese may have final stress in most disyllabic words or compounds (Duanmu, 2007) . Yet, as the current study shows, in two-syllable words, like native English speakers the Chinese subjects placed stress on the first syllable, indicating that advanced Chinese learners can overcome native language influence in their acquisition of lexica stress for two-syllable words.
Although the participants in the study showed native-like performance in most syllable types, their interlanguage grammar was still not target-like in that they got very low score in the syllable type of HLL. From the perspective of Optimality Theory, it can be interpreted that the relevant constraints are in a restructuring process, in which the ranking is neither native-like nor target-like. Specifically, we argue that in their current interlanguage grammar, the metrical constraints are ranked in the following way.
(2) Ranking schema in L2 participants' interlanguage grammar concerning English lexical stree
FT-BIN, RHTYPE=T >> ALL-FT-RIGHT, ALL-FT-LEFT >> NON-FINALITY >> RIGHTMOST
The reason ALL-FT-RIGHT and ALL-FT-LEFT are unranked with others is that the Chinese learners tended to place stress on the middle syllable. Therefore, it is likely that ALL-FT-LEFT, the constraint active in the learners' native grammar is still at play in the interlanguage, but meanwhile in interaction with the promoted ALL-FT-RIGHT. The Chinese subjects exhibited sensitivity to extrametricality in that the final syllable was generally not stressed. Therefore, NON-FINALITY, the constraint ranked lower in the native grammar, has also moved up to a crucial position. However, unlike in the target language grammar where it is ranked higher than ALL-FT-RIGHT, it is positioned below it in the interlanguage grammar upon the observation that in HLL, the second syllable was stressed by most Chinese participants. The second syllable can bear stress only when the last two light syllables can form a foot.
Below, we illustrate how the constraints as ranked above account for the data. In the first place, consider HLL, the syllable type in which the Chinese learners scored significantly lower than the native speakers. In (4), Candidate b (jé.te).ka is selected because the last syllable is made extrametrical. By contrast, Candidate a is out because the final syllable is not extrametrical. From this example, it can be seen that constraint NON-FINALITY is crucial in the Chinese learners' interlanguage grammar. In addition, it displays that ALL-FT-RIGHT and ALL-FT-LEFT should be equal in rank. If ALL-FT-RIGHT were ranked higher, then Candidate b would be ruled out. ALL-FT-LEFT cannot be ranked higher either, otherwise Candidate c in (4) would not be selected.
The following is an illustration of three-syllable words with heavy penultimate syllable. From the interactions of these constraints, we can find that the learners' current grammar is not completely unaffected by their native language. As mentioned above, ALL-FT-LEFT is an active constraint in Chinese metrical system. Its active operation in the interlanguage grammar indicates a negative influence of native language. Since this constraint determines a left-to-right foot construction, it also implies that the direction of foot construction in English is likely to be difficult to acquire for Chinese speakers. Future studies can explore the reasons for this. In addition, native language may be facilitative in Chinese learners' acquisition of English lexical stress. As mentioned in the introduction, certain constraints are active in both languages, such as FT-BIN, RHTYPE=T, and RIGHTMOST. Therefore, when learning English lexical stress, Chinese learners may experience less difficulty in figuring out their role in the target grammar and hence easily position them in the interlanguage.
Apart from native language influence, there is clear evidence of acquisition as reflected in the promotion of the two constraints ALL-FT-RIGHT and NON-FINALITY, which are ranked low in the native Chinese grammar. This indicates that L2 learners have the ability to re-rank the constraints of metrical phonology on the basis of the input they are exposed to, as found in Broselow, Chen and Wang (1998) .
Conclusion
This study examined advanced Chinese learners' acquisition of English lexical stress by looking at their placement of stress on two-and three-syllable nonce nouns. The results show that Chinese participants were sensitive to syllable weight and native-like in most syllable types. However, there is also some variance from native speakers, especially in three-syllable words with light penultimate syllable. Particularly, L2 participants scored significantly low in the syllable type of HLL. Their performance is explained by referring to six crucial OT constraints, three active in both Chinese and English, two active in English, and one active in Chinese. The learners' interlanguage grammar is both negatively and positively influence by their native language. The constraint only active in Chinese causes the interlanguage to be non-nativelike. By contrast, the shared constraints facilitate learning. Moreover, the emergence of the constraints which are inactive in Chinese but active in English provides evidence for L2 learners' ability to restructure their interlanguage.
The study has several limitations. First, the sample size is small. Future studies may increase the sample size. Second, we only focused on advanced learners. In future research, learners' English proficiency may be taken into consideration to probe the development of their acquisition of lexical stress in different stages.
